Three studies were conducted to evaluate the effectiveness of insecticide-impregnated ear tags in controlling face flies, Musca autumnalis DeGeer, and horn flies, Haematobia irritans (Linn.), on pastured beef cattle. In one 16-week trial, polyvinyl chloride (PVC) ear tags treated with stirofos (Rabon| insecticide reduced horn fly numbers by 79% (P<.05) and face fly numbers by 30% (P<.05). Coumaphos (CoRal| insecticide dust bags used in a separate herd produced an 86% (P<.05) reduction in horn flies and an 18% (P>.05) reduction in face flies. In the second study, 5 and 10% permethrin (Atroban| PVC-treated ear tags in a one-piece design were tested. In this 11 week trial, horn fly control averaged 95% (P<.05) with the 10% tag and 77% (P<.05) with the 5% tag. Face fly control averaged 49% (P<.05) for 8 weeks with the 10% permethrin tag. No significant face fly control was achieved with the 5% permethrin tag. In a herd treated with coumaphos dust bags, horn fly control averaged 93% (P<.05) and face fly control averaged 34% (P>.05). The third study tested 5 and 10% permethrin, PVC-treated ear tags in a twopiece design and two-piece 5% permethrintreated ear tags in a polyurethane matrix. Fourteen-week horn fly control averaged 88% (P<.05) with the 10% PVC-treated tag, 83% (P<.05) with the 5% PVC-treated tag, 71% (P<.05) with the 5% polyurethane-treated tag and 74% (P<.05) with coumaphos dust bags.
Introduction
Face fly and horn fly control on cattle commonly involves continuous or frequent retreatment with insecticide sprays and selfapplication devices (i.e., dust bags, oilers). Face fly control has been inadequate because only a small proportion of flies is on the animal at any one time and most available insecticides do not remain on cattle very long. Horn flies have been easier to control because they spend more time on cattle.
Seasonal face fly and horn fly control with a single application of insecticide would be valuable to the beef industry. Harvey and Brethour (1970) were able to control horn flies for 1 month with ordinary identification tags equipped with resin strips containing dichlorvos. Insecticide-impregnated ear tags provided season-long control of the Gulf Coast tick, Amblyomma maculatum Koch (Gladney, 1976; Ahrens et al., 1977) . In other studies, Ahrens (1977) controlled horn flies for 12 weeks with Rabon| (stirofos)-impregnated ear tags, and Ahrens and Cocke (1979) obtained a 100% reduction in horn flies for 20 weeks using fenvalerate-impregnated ear tags.
In this study, we conducted three trials to evaluate the use of insecticide-impregnated ear tags for controlling face flies and horn flies on pastured beef cattle. shown no significant breed differences in face fly or horn fly infestation levels. Therefore, it was not anticipated that herd selection in this study would bias fly infestations.
Herd 1 consisted of 34 animals, each fitted with two stirofos-treated ear tags, one in each ear. Herd 2 comprised 16 animals, which were exposed to one dust bag station. This station consisted of a 1% coumaphos (Co-Ral| dust bag suspended on a portable mineral feeder in such a manner to ensure adequate daily exposure to the cattle. The bag was serviced and filled at regular intervals throughout the study. Herd 3, consisting of 17 animals, served as untreated controls.
The ear tags and dust bag station were installed on May 16. Fly counts were begun on June 2 and made once weekly through September 9.
Study 2. One-piece PVC ear tags impregnated with permethrin containing 5 and 10% a.i., were evaluated s . These tags weighed 11 g each.
The study was conducted at the MillerPurdue Agricultural Center (MPAC) during the summer of 1978. Four herds of straightbred Hereford, crossbred Angus x Hereford and crossbred Charolais x Hereford cows were used. Animals of each breed were intermixed in the herds. Herd 1 consisted of 31 animals, each fitted with one 5% permethrin ear tag (unlike in the stirofos tag trial, in which two ear tags were attached). Herd 2 consisted of 21 animals, each given a 10% permethrin-treated ear tag. Herd 3 consisted of 40 animals that were exposed to two 1% coumaphos dust bag stations as in study 1. Herd 4, consisting of 25 animals, served as untreated controls.
Pretreatment fly counts were made on June s Burroughs Wellcome Co., Research Triangle Park, NC 27709. 22 except in the control group, at which time the dust bag stations and 5% permethrin ear tags were installed. The 10% permethrin-treated ear tags were installed on June 29. Fly counts were made weekly through September 10.
Study 3. PVC ear tags impregnated with permethrin containing 5 and 10% a.i. and polyurethane ear tags inpregnated with permethrin containing 5% a.i. were evaluated. These were two-piece tags similar to the stirofos ear tags used in study 1 and weighed 10 g each.
This study was conducted at MPAC during the summer of 1979. Five herds of straightbred Angus, crossbred Charolais x Hereford and crossbred Brown Swiss x Hereford cows were used. Animals of each breed were intermixed in the herds. Herd 1 consisted of 37 animals; one 10% permethrin-treated, PVC ear tag was attached to each animal. Herd 2 consisted of 44 animals, each fitted with one 5% permethrin PVC-ear tag. Herd 3 consisted of 37 animals, each fitted with one 5% permethrin, polyurethane ear tag. Herd 4, with 46 animals, was exposed to two 1% coumaphos dust bag stations as described in study 1. Herd 5, consisting of 44 animals, served as untreated controls.
Pretreatment fly counts were made on June 15 (except in the 10% permethrin-treated ear tag group), at which time the dust bag stations and 5% PVC and polyurethane, perrnethrintreated ear tags were installed. The 10% PVC, permethrin-treated ear tags were installed on June 22. Fly counts were made once weekly from the start of the study through September 23.
In all three studies, face fly and horn fly populations were assessed by visual counts (made with binoculars) of the number of flies on each of up to 15 randomly selected animals in each herd. In herds treated with ear tags, only animals not missing their tags were counted. Fly counts were made between 1000 and 1200 hr each day. Face fly counts included all face flies resting on the face and head of each animal during a 5-sec interval. Horn fly counts were estimates of the number of horn flies resting on one side of the animal from the top of the back to the belly, and from the point of the shoulder to the back leg also during a 5-sec interval. Fly count data were statistically analyzed by a one-way analysis of variance, and mean counts at each date was compared by the Student-Newman-Keuls test at the 5% level of significance (Steel and Torrie, 1960) . Because error variances were not con-stant, data were transformed by means of a log transformation. For dates on which fewer than 15 animals were counted in any herd, means were compared by the Scheff6 test at the 5% level of significance (Neter and Wasserman, 1974) . In addition to fly counts, observations were made of the physical condition of ears fitted with tags and of tag retention in the ears.
Results and Discussion
Study 1. Results of the stirofos ear tag evaluation are presented in table 1. Stirofos ear tags reduced horn fly populations by an average of 79% (P<.05) for the 16-week trial, while the coumaphos dust bag treatment produced an 86% reduction (P<.05). Face fly control was less satisfactory and more erratic, with both the ear tag and dust bag treatments averaging only 30% (P<.05) and 18% (P>.05), respectively.
Cattle fitted with the stirofos tags tended to suffer some ear necrosis and tag loss. The necrosis appeared to develop mostly from the pressure exerted by the tags at the point of entry in the ear. There were also some downward migration of the tags in the ear due to the heavy weight of the tags. Fifteen percent of the cattle had lost one tag by the 10th week of the trial, and 30% by the 13th week. In addition, 21% were missing both tags by 13 weeks. At the end of the trial, 21% were missing both tags and 44% were missing one tag.
Study 2.
Results of the 1978 trial with the permethrin ear tags are shown in table 2. Excellent horn fly control, averaging 95% (P<.05), was obtained with the 10% permethrin-treated tag for the duration of the test. The 5% permethrin-treated tag and coumaphos dust bag produced reductions of 77 and 93% (P<.05), respectively, in the numbers of horn flies. As with the stirofos ear tags, less face fly control was obtained with both permethrin ear tags. Face fly control averaged 49% (P<.05) for 8 weeks with the 10% permethrin tag. No significant face fly control was achieved with the 5% permethrin tag. The dust bag treatment produced only a 34.% reduction (P>.05) in face flies over the course of the trial.
The breakdown in face fly control after 6 weeks with the 10% permethrin ear tag could be attributed, at least in part, to the gradual loss of tags from the animals. Even though fly counts were made only on animals with tags, the total face fly infestation levels in the herd could have been affected by some of the animals that were missing tags. At 6 weeks, 33% of the cattle were missing tags; at 8 weeks, 62% were missing tags, and by the end of the trial, at 11 weeks, the total was 81%. In the herd fitted with the 5% permethrin-treated ear tags, fewer tags were lost. By the end of the trial, 39% of these animals were missing tags.
To check the depletion rate of permethrin in the ear tags as a possible cause of the redu'ction in control, we installed 5 and 10% permethrin-treated ear tags in a separate group of cattle while this study was being conducted. Three 5% and three 10% permethrin-treated tags were removed after 8 weeks and sent to the Burroughs Wellcome Co. for depletion analysis. Results indicated that 96% of the a.i. was still present in the 5% tag and 88% was still present in the 10% tag.
Observations made on the ear-tagged cattle revealed some ear necrosis. The necrosis appeared to stem mostly from the initial wounds inflicted by the applicator knife. One month after tag installation the wounds appeared to be healing satisfactory.
Study 3. Results of the 1979 trial with the permethrin ear tags are presented in table 3. As in the 1978 trial, good horn fly control was obtained with the permethrin-treated ear tags, especially the PVC tags. The 10% PVC, permethrin tag provided an average seasonal control of 88% (P<.05), while the control provided by the 5% PVC tag averaged 83% (P<.05). The 5% polyurethane, permethrin-treated tag was less effective but still reduced the number of horn flies by 71% (P<.05). In the herd treated with the coumaphos dust bag, there was a 74% seasonal reduction (P<.05) in the number of horn flies. Face fly control was erratic. However, all of the permethrin-treated ear tag treatments produced a greater reduction in face fly numbers over the course of the trial than did the dust bag treatment (table 3). The dust bags used in this study were being utilized by the cattle throughout the study. Since the bags were placed near mineral feeders, the cattle were exposed to them daily and they needed to be filled at regular intervals.
With the change in the design of the permethrin ear tags used in this study, consisting of a tag with a button attachment, no signs or ear necrosis were observed. Tag retention was also better; only 16% of the 10% PVC tags and 3% of the 5% polyurethane tags were missing after 14 weeks. Sixteen percent of the 5% PVC ear 
